The value of a college degree is often quantified as the difference in earnings between those with and without a degree. The research presented here operationalizes this idea in two important ways. First, since future income and tuition are uncertain, a contingent claims model is developed and the appropriate discount rate for valuing future earnings is, therefore, endogenized given an economy that does not permit arbitrage. Second, the model is sensitive to the valuation of the real option to obtain an advanced degree in addition to the valuation of the earnings for an individual with an undergraduate degree. In this framework, the value of a high school diploma is shown to be the sum of: (1) capitalized earnings, (2) the real option to obtain an undergraduate degree, and (3) the embedded or compound real option to obtain an advanced degree. Numerical examples are presented that demonstrate the performance and key drivers of the model. One important finding is that by ignoring the real options to further one's education, the value of a college degree is likely significantly understated.
Introduction
U.S. Census Bureau data show that the level of education has risen steadily in the U.S. over the last 70 years. For example, in 1940 less than 25% of people aged 25 and over had a high school diploma or higher and less than 5% had a bachelor's degree or higher. By 2008, those percentages had increased to 85% and about 28%. In addition, these data are used by
Cheeseman Day and Newburger (2002) to show that there is a strong positive relationship between income and education in that each successive degree increases median earnings for the recipients of the degree. Sanchez and Laanan (1997) examine state unemployment records in California and draw similar conclusions.
What has also been increasing steadily over time is the cost of obtaining a college degree which includes tuition, fees, books, etc. 1 For example, the data reported in 2011
Trends in College Pricing show that average published tuition and fees have increased at private nonprofit four-year institutions at an average annual rate of 6.54% since the 1981-82 academic year. Similarly, average published tuition and fees have increased at pubic four-year institutions at an average annual rate of 7.84% over the last 10 years alone. Such values are clearly in excess of the average annual rate of inflation in the U.S. and demonstrate that even though the U.S. population is becoming more educated, they are paying more it.
Faced with what seems like ever increasing costs, Kelly (2010) recently asked the question: is getting a college degree still worth it? Clearly the research cited above suggests that getting college degrees increases (median) earnings and so it would seem that the answer is yes. Even so, the decision perhaps necessitates a careful consideration of the tradeoff between incrementally higher earnings on the one hand and the increasing cost of education on the other. This also suggests that consideration of such a tradeoff is important for putting a monetary value on higher education. Valuation in this context is difficult because the future costs and returns associated with obtaining a degree are uncertain.
There has been surprisingly little research devoted to methodological considerations for determining the value of a college degree. Synthetic work-life estimates are reported by Cheeseman Day and Newburger (2002) and Julian and Kominski (2011) in which median earnings reported for eight different age groups are summed across those groups. The resulting estimates seek to place a value on the work-life earnings of a typical individual with a particular level of education. Porter (2002) suggests that the earnings discrepancy between high school graduates and college graduates gives some indication of the value of a college education. Indeed, basic financial intuition would suggest that capitalizing lifetime earnings both with and without a degree may provide evidence of the value of having (or not having) a degree.
Even so, critical aspects of valuation are missing by just capitalizing earnings. For example, an appropriate discount rate must be determined. Also, in the U.S. going to college is basically a right but definitely not an obligation and the investment in education is an irreversible one. Lastly, a high school diploma is required to earn an undergraduate degree and an undergraduate degree is required for an advanced degree. These features suggest that a real option approach to valuation is more appropriate. More specifically, the value of a college education is equal to capitalized salary plus the value of the option to obtain an advanced degree. Similarly, the value of a high school diploma is equal to capitalized wages plus the value of the option to obtain an undergraduate degree and the embedded or compound option to obtain an advanced degree.
In this paper, we develop such a real option model and empirically demonstrate its use for valuing earnings and educational options. The paper is organized as follows. In section 2, we make the basic assumptions required of the valuation methodology, value the earnings streams for individuals with different levels of education, and develop and analytically solve the option valuation models in a contingent claims framework. In section 3, we discuss data to be used in the empirical implementation of the model. Presented in section 4 are some empirical results and discussion associated with the model and concluding comments are presented in section 5.
Model Prerequisites and Valuation
In this section, the underlying state variables and sources of uncertainty that affect the college and advanced degree options are specified and discussed. = ‫ݖ‬ ௧ + ߣ ‫ݐ‬ be a ℚ-Brownian motion where ℚ is the risk-neutral measure and ߣ is a constant so that ݀߱ ௧ = ‫ݖ݀‬ ௧ + ߣ ‫ݐ݀‬ . Using this result, the risk-neutral diffusion for ݃ ௧ can be written as
In (1) the interpretation of ߣ is that it is the market price of risk associated with advanced degree salary. To simplify the notation somewhat, in what follows let ߜ = ߤ − ߣ ߪ be the risk neutral drift for the diffusion in (1).
To promote tractability, in the analysis that follows ݃ ௧ forms the basis for all salaries considered in the model. For example, we assume that ܾ ௧ = ߙ ݃ ௧ is the salary facing an individual with a bachelor's degree while ℎ ௧ = ߙ ݃ ௧ is the wage for an individual with a high school diploma (i.e. with no college education). In general, 0 ≤ ߙ ≤ ߙ ≤ 1 with the implication that under strict inequality, individuals with high school diplomas earn less than those with bachelor's degrees and individuals with bachelor's degrees earn less than those with graduate degrees.
3 Here, ℙ is the natural probability measure.
Next, let ܿ ௧ represent the (stochastic) cost of a graduate degree (e.g. tuition, fees, books, etc.). The evolution of ܿ ௧ is also modeled as a first-order stochastic differential equation, namely,
In (2), we also let ߜ = ߤ − ߣ ߪ be the risk-neutral drift where the parameters are defined analogously to those for equation (1). In addition, it is assumed for simplicity and tractability that the cost of an undergraduate degree, ‫ݑ‬ ௧ , is a linear function of the cost of an advanced degree so that ‫ݑ‬ ௧ ሺܿ ௧ ሻ = ߛܿ ௧ where ߛ < 1ሺ> 1ሻ indicates that undergraduate tuition and fees are less (more) than those associated with graduate school.
Lastly, define ݇ ௧ ሺ݃ ௧ , ܿ ௧ ሻ = ݃ ௧ /ܿ ௧ as the ratio of salary-to-cost for a graduate degree.
Consistent with real option theory as discussed in Dixit and Pindyck (1994) , it is assumed that there is a value, ݇ * , such that when ݇ ௧ ≥ ݇ * , there is a financial incentive for an individual with an undergraduate degree to exercise their option to pursue graduate study.
Similarly, define ݇ ௧ ሺ݃ ௧ , ܿ ௧ ሻ = ߙ ݃ ௧ /ߛܿ ௧ as the ratio of salary-to-cost for an undergraduate degree. Here we also assume that there is a value, ݇ * , such that when ݇ ௧ ≥ ݇ * , there is a financial incentive for an individual with a high school diploma to exercise their option to pursue undergraduate study.
Because an undergraduate degree is a requirement for pursuing an advanced degree, the option to obtain an undergraduate degree must be exercised first and the option to obtain a graduate degree is an embedded or compound option as a result. The sequential nature of events means it will be necessary to first value the option to obtain a graduate degree and then subsequently value the option to obtain an undergraduate degree.
Earnings valuation
It will prove useful to value the income streams associated with each degree before tackling 
where ‫ݎ‬ is the instantaneous risk free rate of return.
Applying Ito's lemma to ‫ܤ‬ ௧ to compute the capital gain required by (3) results in
Substituting using the risk-neutral diffusion for ܾ ௧ , 4 taking the expectation of the result, and substituting into (3) gives
Equation (5) is a second-order, linear, parabolic PDE, the solution of which represents the value of lifetime undergraduate earnings. The boundary conditions for (5) must ensure that: (1) the value of the earnings equals zero whenever the income itself is zero, (2) the value of the earnings is bounded, and (3) the value of the income stream is zero at retirement. Mathematically, these conditions imply that ሺ6ሻ ‫ܤ‬ ௧ ሺ0, ‫ݐ‬ሻ = 0, ‫ܤ‬ ௧ ሺ∞, ‫ݐ‬ሻ < ∞ and ‫ܤ‬ ௧ ሺܾ ௧ , ܶሻ = 0.
A solution to (5) that meets the boundary conditions in (6) is
Notice that as ܶ → ∞, the term involving e approaches zero so that
Equation (8) is recognized as the present value of a perpetuity of ܾ ௧ dollars in income where the discount rate is the risk free rate adjusted for the risk-neutral rate of growth in earnings.
As a practical matter, there is little difference between (7) and (8) for reasonably large T and typical discount rates. 5 However, tractability is greatly improved if we assume (8) is a reasonable approximation to (7). Therefore, from here forward we assume that T >> 0 and work within an infinite planning horizon framework.
Equation (8) holds for individuals who successful complete their undergraduate studies. In fact, this is the value of the earnings that would be given up (along with the cost of tuition, fees, books, etc.) if the individual decides to pursue an advanced degree.
However, pursue is the operative word here in that not all individuals who begin college finish college whether at the undergraduate or graduate levels. To accommodate this reality, let ‫ܩ‬ ௧ ሺ݃ ௧ , ‫ݍ‬ ௧ ሻrepresent the present value of graduate earnings. 6 The new argument in ‫ܩ‬ ௧ ሺ݃ ௧ , ‫ݍ‬ ௧ ሻ is a Poisson random variable, ‫ݍ‬ ௧ , where ‫ݍ݀‬ ௧ = 1 with probability ߨ ‫ݐ݀‬ and ‫ݍ݀‬ ௧ = 0 with probability 1 − ߨ ‫.ݐ݀‬ The Poisson variable is meant to proxy any of those situations that result in an individual not being able to complete advanced degree studies (e.g. failing classes or comprehensive examinations). In addition, for an individual who earned their undergraduate degree but had poor grades, ߨ might equal one or be very close to one indicating a very high probability of failure if such an individual attempts to obtain an advanced degree.
Perhaps more importantly, when the Poisson event hits (i.e. when ‫ݍ݀‬ ௧ = 1), the value of graduate earnings drops to that of undergraduate earnings. The implication of this feature of the model in terms of valuation can be found by applying Ito's lemma to
Notice the last term in (9) suggests that if the Poisson event happens (i.e. ‫ݍ݀‬ ௧ = 1), there is a financial loss equal to ‫ܩ‬ ௧ ሺܾ ௧ ሻ − ‫ܩ‬ ௧ ሺ݃ ௧ ሻ whereas if the event does not happen, ‫ݍ݀‬ ௧ = 0, and the term vanishes. Since ܾ ௧ = ߙ ݃ ௧ , we have ‫ܩ‬ ௧ ሺܾ ௧ ሻ = ‫ܩ‬ ௧ ሺߙ ݃ ௧ ሻ = ߙ ‫ܩ‬ ௧ ሺ݃ ௧ ሻ as long as ‫ܩ‬ ௧ ሺ݃ ௧ ሻ is homogeneous of degree zero. Therefore, the valuation equation can be written as
where ‫ݒ‬ = ‫ݎ‬ + ሺ1 − ߙ ሻߨ . Notice that if ߨ = 0, ‫ݒ‬ = ‫ݎ‬ and equation (10) is entirely analogous to equation (5), the value of earnings when there is no probability of failure.
Stated differently, successfully obtaining an undergraduate degree is irreversible in that the earnings that result are valued without the probability of failure.
A solution to equation (10) that meets boundary conditions similar to those presented in (6) but for
In (11), the discount rate consists of the risk free rate adjusted for the probability of failure and the risk-neutral rate of growth in earnings.
6 Given the assumption of a sufficiently long planning horizon, ‫ܩ‬ ௧ does not depend explicitly on t.
Analogous to equation (11) is the value of the baccalaureate salary when viewed from the prospective of an individual with a high school diploma having yet earned their undergraduate degree. Given the preceding results, we simply state the result without the derivation as
where ߨ is the probability of some Poisson event happening that precludes matriculation for the undergraduate. Notice that the difference between ‫ܤ‬ ௧ ሺܾ ௧ ሻ and ‫ܤ‬ ௧ ሺܾ ௧ ሻ is simply timing with the former applicable for the individual who has earned the undergraduate degree and the latter applicable for the individual who has not. In addition, for many
Lastly, the value of the perpetual wage associated with a high school diploma is given by
where ℎ ௧ = ߙ ܾ ௧ = ߙ ߙ ݃ ௧ . Here the appropriate discount rate is simply the risk free rate adjusted for the rate of growth in the wage facing an individual with a high school diploma.
Equations (8), (11), (12), and (13) are critical building blocks for the option values that follow in that the exercise boundaries ݇ * and ݇ * depend on them as do the option values, and therefore the value of the income streams themselves. For example, an individual with an undergraduate degree has earnings valued using (8) and must decide whether to pay ܿ ௧ , and give up (8) in exchange for (11) owing to the probability of failure given by ߨ . Similarly, an individual with a high school diploma must decide whether to pay ߛܿ ௧ and give up (13) in exchange for (12) given ߨ . Of course both of these individuals also possess options as well. The individual with the high school diploma, for example, possesses the option to pursue an undergraduate degree and the embedded option to pursue graduate study. In the next section, we undertake the valuation of these options.
Contingent claims framework
Since the graduate option must be valued first, let ‫ܨ‬ ሺ݃ ௧ , ܿ ௧ ሻ represent the value of undergraduate earnings and the value of the option to pursue an advanced degree possessed by an individual with an undergraduate degree. Mathematically, we have
where ‫ܤ‬ ௧ ሺߙ ݃ ௧ ሻ is given by (8). In (14) ܸ ௧ represents the value of the option to obtain an advanced degree and necessarily depends on the graduate salary, ݃ ௧ , the cost of obtaining the degree, ܿ ௧ , and the Poisson variable that determines the likelihood of failure ሺ݀‫ݍ‬ ௧ = 1ሻ or success ሺ݀‫ݍ‬ ௧ = 0ሻ. 
Notice the last term in equation (16) (1) and (2) into (16) and taking the expectation of the result, (15) can be expressed as
where ߩ is the instantaneous correlation between the two stochastic state variables and ߦ = ‫ݎ‬ + ߨ .
Equation (17) is a second-order, linear, elliptical PDE, the solution of which is the value of the option to obtain an advanced degree. There are essentially three boundary conditions required to solve (17). First, if the salary associated with getting a graduate degree ever fell to zero, the option to obtain the degree is worthless. Next, recall that when ݇ ௧
≥ ݇ * there is a financial incentive to exercise the option to obtain the graduate degree by paying the cost of obtaining the degree and giving up the present value of baccalaureate income in exchange for the present value of graduate income. Lastly, there must be a smooth transition at the boundary where exercising the graduate option is optimal. These conditions are operationalized in the next section.
Model solution
In what follows, the time subscript is suppressed where no confusion can arise thereby easing the notation somewhat. To solve (17), we use ݇ = ݃ ܿ ⁄ and let ܸ ൫݇ ൯ = ܸ ܿ ⁄ so that
results. Equation (18) is a second-order, linear, ODE where
The relevant boundary conditions discussed above for (17) Therefore, the solution to ‫ܨ‬ is
Notice that equation (22) consists of two parts, one for each side of the boundary ݇ * where ݇ * is given by
As shown, the probability of failure affects the magnitude of ݇ * , as well as the option value.
Notice also that in (23), if ߙ = 1, the individual with an undergraduate degree earns the same salary as an individual with an advanced degree. The implication is that ߠ = 0, and ݇ * = +∞ so that the threshold level that triggers the exercise of the graduate option will never be reached. Therefore ߙ < 1 is required for there to be a financial incentive to pursue an advanced degree.
Having analytically solved for the value of an undergraduate degree with the option to pursue a graduate degree, it remains to determine the value of a high school diploma with the option to get a bachelor's degree and the embedded option of a graduate degree.
Here we take an approach similar to that presented above and let ‫ܨ‬ ሺܾ, ‫ݑ‬ሻ represent the present value of the wage for an individual with a high school diploma along with the two option values so that
Here, ܸ ௧ represents the value of the option to obtain an undergraduate degree and ܸ ௧ is given by (20) is a second-order, linear, ODE with ߦ = ‫ݎ‬ + ߨ and ߨ represents the probability of failure to obtain an undergraduate degree.
Even though ܸ and ܸ depend on the same set of state variables, one of the boundary conditions for (25) is different than those for (18). In particular,
and all other parameters are as defined previously.
The boundary condition (26.1) suggests that if undergraduate salary falls to zero, the option to obtain the degree is worthless and is analogous to (19.1) above for the graduate degree. However, (26.2) is different than (19.2) in that exercising the undergraduate option results in the present value of undergraduate income (after giving up the present value of the high school wage and paying the cost of education) but also yields the graduate option given by the rightmost term in (26.1). Equation (26.3) is the high contact condition that is analogous to (19.3).
Given this, the solution for ‫ܨ‬ ሺܾ, ‫ݑ‬ሻ is
In (27) >1 and the threshold level above which the option to obtain an undergraduate degree is exercised is given by
Notice that if the undergraduate salary-to-cost ratio is low, the value of a high school diploma is equal to the capitalized wage associated with a high school diploma plus the value of the undergraduate option and the embedded graduate option that can only be exercised after completing the undergraduate degree. The third term in (27.1) in this case is the value of the graduate option found in equation (20) and rewritten in terms of the b and u state variables. When the undergraduate salary-to cost ratio is high, the option to pursue the undergraduate degree is exercised, and the value of the high school diploma is given by the capitalized earnings for a college graduate (adjusted for the probability of failure) plus the value of the option to obtain a graduate degree less the cost of the undergraduate education. If ߨ = ߨ , then ߙ < ߙ ensures that ݇ * < ݇ * and the options are exercised sequentially as required. In the more likely case that ߨ ≠ ߨ conditions ensuring that ݇ * < ݇ * are not readily apparent. Therefore, we defer this aspect of the model to the empirical section of the paper.
Data and Empirical Application
To demonstrate the model in an empirical setting, we first make a few assumptions that will enable us to determine the magnitude of the market price of risk as it relates to the two sources of uncertainty modeled. To that end, we assume the existence of two freely traded securities, ݉ ௧ and ݊ ௧ , such that: (1) risk uncorrelated with changes in either security is not priced, (2) neither security has any cash payouts associated with them, and (3) each security follows geometric Brownian motion with drift αj and volatility σj where ݆ = ݉, ݊.
Given these three basic assumptions and the constant risk free rate assumed above, it follows that ߣ = ൬ The probabilities of failure are arbitrarily set at 10% (probability of undergraduate failure) and 5% (probability of graduate failure). Sensitivity analysis around these values suggests that the magnitude of these probabilities, in general, has a significant impact on the threshold values that determine optimal exercise. For example, given the other data and parameter values in the model, a graduate probability of failure in excess of 6% suggests that the graduate option will never be exercised (i.e. infinite threshold value). This idea is explore more in more detail below.
For two reasons the volatilities are assumed values and are set at 10% for salaries and 20% for tuition and fees. First, reported income and tuition data are gross averages and therefore lack the variation required to generate meaningful volatility estimates. For example, 2011 Trends in College Pricing data show that tuition and fees have increased on average about 7.5% annually over the last 30 years at public four-year colleges. However, the average volatility computed from the average rates of growth is only about 2.5% per year over those years. This is because computing the volatility from the average rate of growth in this way dilutes the actual volatility. For example, California recently increased tuition and fees by 21% at public four-year institutions. The second reason for assuming these values is to measure the impact these parameters have on the value of undergraduate and graduate degrees. If tuition and fees are expected to continue to increase, perhaps with more volatility, it would be useful to see what impact these increases have on threshold levels and earnings and option values.
The average rate of growth in graduate salary was estimated from 2010 Census data to be about 3% annually. This value is likely institution and degree program specific and, therefore, also suffers from the aggregation issues discussed above. As noted above, the average annual rate of growth in tuition and fees at four-year public colleges was estimated at 7.5% from data contained in 2011 Trend in College Pricing. The risk free rate is assumed to be a constant 3% throughout and undergraduate tuition and fees are assumed to be twice that of graduate tuition and fees. The hedging securities are assumed to have rates of return equal to 10% and 15% with risk that is 1.5 times these levels. Perfect positive correlation is assumed between the hedging securities and the two state variables (i.e. ߩ = 1) while the correlation between the two state variables themselves (i.e. ߩ = 0) is assumed to be zero.
Results and Discussion
Shown in Tables 1 through 4 are example results of the model using the basic set of data presented above. Given the quality of the data discussed above, the results are more illustrative than anything but do give some sense of how the model preforms. Table 1 shows the value of a high school wage earner's income which includes their undergraduate and graduate option values (see equation (27)) while Table 2 shows the value of an individual's baccalaureate salary including their graduate option value (see equation (22)).
In either case and as expected, the value increases as wage or salary increases and decreases as tuition and fees increase. In Tables 3 and 4 , the option values associated with undergraduate (Vb) and graduate (Vg) degrees are presented. In the tables, a zero value indicates that the option would be exercised since the ratio of earnings-to-cost is above the respective threshold. Also as expected the option values increase as wage/salary increases and decrease as tuition and fees increase.
Unfortunately the values reported in Tables 1 through 4 are not comparable to any other publishes estimates. For example, work-life estimates reported by Julian and Kominski (2011) are not comparable since their methodology doesn't recognize an educational cost, discounting (in any conventional sense), or future uncertainty related to salaries or the cost of education. In addition, their results are stratified by gender and ethnicity.
While the estimates here necessarily understate earnings due to the assumption of a perpetual employment horizon, the impact of the undergraduate and graduate degree optionality is not necessarily insignificant depending on the income and tuition levels assumed. For example, using the option value of an undergraduate degree presented in Table 3 , The graduate option in this case is worth an addition $22.7K. Therefore, there is about $50K in optionality that would not be accounted for using, for example, work-life estimates methodology.
Shown in Figure 1 is the impact that the probability of failure at both the undergraduate ൫ߨ ൯ and graduate ൫ߨ ൯ levels has on the undergraduate threshold value ሺ݇ * ሻ that defines the optimal exercise boundary. As shown, the relationship is nonlinear with the threshold increasing at an increasing rate as the probability of failure increases.
The implication is the intuitive result that there is less likelihood that the undergraduate option will be exercised the higher the probability of undergraduate failure. However, the relationship is most pronounced when there is a high probability of graduate failure. A probability of graduate failure in excess of 5% or so will nearly ensure that the undergraduate option is never exercised when the probability of undergraduate failure is around 10% or greater. For example, a graduate (undergraduate) failure probability of 5% (10%) would imply a salary-to-cost ratio in excess of 2.2 to justify exercising the option to go to college.
In general, there is a complex nonlinear relationship between the value of the undergraduate option and tuition and fee volatility. This relationship is shown in Figure 2 for the base values used to generate Tables 1 to 4 , assuming $50K in tuition and fees and an undergraduate salary of $38.4K. Two cases are shown each with a probability of graduate failure equal to 5%, but with two levels for the probability of undergraduate failure (10% vs. 7.5%). As shown, the value of the undergraduate option is zero for low levels of volatility as it is optimal to exercise the option in these cases. When the probability of undergraduate failure is 10%, the option takes on positive value (i.e. is not exercised) at a level of volatility approximately equal to 5.5% and declines rapidly as volatility increases.
At a volatility level of approximately 18.7%, the option value is at a minimum and begins to increase for higher levels of volatility. It is highly nonlinear relationship between the probabilities of failure and the exercise boundary that induce this type of nonlinearity. For example, when the probability of undergraduate failure is lower at 7.5%, ceteris paribus, the option is exercised and therefore has no value for volatility levels less than about 20.9%.
Volatility in excess of 20.9% suggests positive option values that are increasing with volatility.
Although no specific results are presented, option and earnings values are inversely related to the correlation between salary and tuition. Recall, the base values reported in 
Summary and Conclusions
In this paper, an analytic model is developed to value an individual's earnings under alternative levels of education. The model is sensitive to the stochastic nature of earnings and the financial cost of obtaining a college education. In addition, a key feature of the model is the idea that capitalized earnings is insufficient for determining value because an individual with a high school diploma has the real option to attempt earning an undergraduate degree and the embedded real option of earning an advanced degree.
Similarly, an individual with an undergraduate degree has the real option to get an advanced degree. The latter option is a compound option and if exercised, is done so in a sequential manner. The options are shown to have considerable value which implies that lifetime earnings estimates necessarily understate the value of higher education.
There are alternatives and refinements to the approach taken here that would likely capture some of the other realities facing individual's making educational decisions. For example, one could model the sequential options on a semester by semester basis. That is, successful completion of a semester of coursework gives an individual the right but not the obligation to undertake a subsequent semester. Alternatively, recognizing the fact that it takes time to complete a degree, one could model degree attainment with a stochastic completion time and therefore an uncertain cost until the degree is actually completed. In either case, the individual's option to abandon their studies could be expressly captured in such a model. In addition, a different salary specification may allow for a model that captures the switching option associated with changing majors.
Better data would also represent a significant improvement to the empirical analysis presented here. Institution specific data on tuition and fees, salaries for graduates of a specific degree program, and the probability of failure specific to a particular degree program and institution would greatly improve the empirical applicability of the approach.
In addition, with such data, it may be possible to compare and rank colleges/majors in terms of the earnings valuation of their graduates. Figure 1 . Effect of probabilities of failure on undergraduate exercise boundary. 
